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ABSTRACT 
 
 
 
 
Kefiran is water soluble heteropolysaccharides produced by Lactobacillus 
kefiranofaciens.  In this work, optimization process was carried out to maximize 
kefiran production in both pure culture and mixed culture system using yeast strain.  
For pure culture studies, the cultivation medium composition was first optimized 
using both one factor at a time (OFAT) and statistical method.  The optimal medium 
for kefiran production using OFAT composed of (in g L
-1
): lactose, 50; yeast extract, 
12; phosphate, 0.25; Triton X-100, 1; and medium osmotic pressure                        
550 mOsmol kg
-1
. On the other hand, the optimal medium composition using 
statistical method composed of (in g L
-1
): lactose, 58.74; yeast extract, 11.09; 
phosphate, 0.52; Triton X-100, 0.85, and medium osmotic pressure of                     
630 mOsmol kg
-1
. The maximal kefiran production of 1.51 g L
-1 
was obtained in 
OFAT optimized medium which was approximately 8.61% higher than those 
obtained in the statistically optimized medium. After this step, the process was 
optimized in 16-L stirred tank bioreactor.  The maximal kefiran production reached    
2.32 g L
-1 
and 1.87 g L
-1 
in bioreactor with and without pH control, respectively.  
Aeration rate of 1.0 v/v/min was the best for kefiran production (2.32 g L
-1
).  
Furthermore, a series of fed-batch cultivations were carried out to determine factors 
that limit cell growth and kefiran production.  A combination of constant complete 
medium feeding coupled with dissolved oxygen control was found to be the best 
strategy for highest kefiran production (4.73 g L
-1
).  Among different yeasts tested,  
S. cerevisiae was found to be the most suitable strain for mixed culture system.  The 
mixed culture of L. kefiranofaciens and S. cerevisiae enhanced kefiran production 
from 0.31 g L
-1
 in pure culture up to 0.39 g L
-1 
in the mixed culture.  The cultivation 
medium was then optimized using OFAT method reaching a maximum kefiran 
production of 2.12 g L
-1
.  The optimal medium for kefiran production by the mixed 
culture using OFAT method composed of (in g L
-1
): lactose, 50; yeast extract, 12; 
phosphate, 0.5; Triton X-100, 1.25 g L
-1
, and osmotic pressure of 600 mOsmol kg
-1
.  
Batch cultivations of mixed culture in 16-L stirred tank bioreactor with and without 
pH control produced kefiran with concentration of 3.01 g L
-1 
and 2.40 g L
-1
, 
respectively.  Aeration rate at 1.0 v/v/min produced maximal kefiran production of 
4.42 g L
-1
. Further improvement in kefiran production was achieved by using 
constant lactose feeding which was the best strategy to increase the production up to 
5.51 g L
-1
. 
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ABSTRAK 
 
 
 
 
 Lactobacillus kefiranofaciens menghasilkan heteropolisakarida larut air 
dikenali sebagai kefiran.  Dalam kajian ini, proses pengoptimum dijalankan untuk 
memaksimumkan pengeluaran kefiran menggunakan kultur asli dan kultur campuran. 
Untuk kultur asli, medium kultur telah dioptimumkan menggunakan kedua-dua 
kaedah iaitu satu faktor semasa (OFAT) dan statistik.  Keadaan optimum untuk 
pengeluaran kefiran dengan menggunakan kaedah OFAT ialah (dalam g L
-1
): laktosa, 
50; ekstrak   yis, 12; fosfat, 0.25; tekanan osmotik, 550 mOsmol kg
-1
 dan dengan 
tambahan 1 g L
-1 
Triton X-100, pada masa sifar.  Keadaan optimum untuk 
pengeluaran kefiran melalui kultur asli menggunakan kaedah statistik adalah (dalam 
g L
-1
): laktosa, 58.74; ekstrak yis, 11.09; fosfat, 0.52; tekanan osmotik,                   
630 mOsmol kg
-1
 dan dengan tambahan 0.85 g L
-1 
Triton X-100.  Penghasilan 
kefiran menggunakan kaedah OFAT (1.64 g L
-1
) adalah lebih kurang 8.61% lebih 
tinggi daripada kaedah statistik (1.51 g L
-1
).  Proses pengoptimum seterusnya di 
jalankan di dalam tangki bioreaktor 16-L.  Sebanyak 2.32 g L
-1
 dan 1.87 g L
-1 
kefiran 
dihasilkan menggunakan kultur asli masing-masing dengan dan tanpa kawalan pH.  
Kadar pengudaraan pada 1.0 v/v/min menghasilkan kefiran maksimum 2.32 g L
-1
.  
Satu siri pengkulturan berkelompok telah dijalankan untuk menentukan faktor yang 
menghadkan pertumbuhan sel dan pengeluaran kefiran.  Gabungan lengkap strategi 
pembekalan makananan secara berterusan ditambah dengan kawalan oksigen larut 
didapati menghasilkan pengeluaran kefiran tertinggi 4.73 g L
-1
.  Di antara semua yis 
yang dikaji, S. cerevisiae didapati terbaik untuk digunakan dalam kultur campuran. 
Kultur campuran L. kefiranofaciens dengan S. cerevisiae meningkatkan pengeluaran 
kefiran daripada 0.31 g L
-1
 dalam kultur asli sehingga 0.39 g L
-1
.  Medium kultur 
kemudian dioptimumkan menggunakan kaedah OFAT lalu mencapai pengeluaran 
kefiran maksimum sebanyak 2.12 g L
-1
. Keadaan optimum untuk pengeluaran 
kefiran oleh kultur campuran menggunakan kaedah OFAT ialah (dalam g L
-1
): 
laktosa, 50; ekstrak yis, 12; fosfat, 0.5; tekanan osmotik, 600 mOsmol kg
-1
 dan 1.25 
g L
-1 
Triton X-100. Pengkulturan kelompok kultur campuran dalam tangki bioreaktor 
16-L dengan dan tanpa kawalasn pH masing-masing menghasilkan kefiran 
maksimum 3.01 g L
-1 
dan 2.40 g L
-1
.  Kadar pengudaraan 1.0 v/v/min menghasilkan 
kefiran pada kepekatan maksimum sebanyak 4.42 g L
-1
. Peningkatan pengeluaran 
kefiran seterusnya dijalankan dengan menggunakan bekalan kekal mono-laktosa 
didapati dapat menghasilkan kefiran pada kepekatan maksima 5.51 g L
-1
.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
Kefir is a traditional fermented milk beverage which is believed to be found 
initially from the northern Caucasian mountains of Russia (Tratnik et al., 2006). 
Commercially produced kefir and other fermented milk products have become 
popular around the world since it confers beneficial health effects (Farnworth et al., 
2005).  Kefir grains is used as main component as healthy fermented milk drink with 
potential nutraceutical activities based on its high content of different types of 
probiotic bacteria and unique type of biopolymer.  Different studies showed that kefir 
grains bioflora composed of wide range of microorganisms mainly bacteria and yeast 
in symbiotic relationship.  However, about 90% of microbiota of grain composed of 
bacteria belongs to genus Acetobacter and lactic acid bacteria (LAB) such as 
Lactobacillus, Lactococcus, Streptococcus, and Leuconostoc (Chen et al., 2008; 
Kesmen and Kacmaz, 2011).  These bacteria co-exist in symbiotic relation with 
different types of yeasts from species of Yarrowia, Pichia, Zygosaccharomyces, 
Candida, Kluyveromyces, Torulaspora and Saccharomyces species (Latorre-Garcia 
et al., 2007; Marsh et al., 2013).  However, Lactobacillus kefiranofaciens and 
Lactobacillus kefiri were found to be the major bacterial populations in all kefir 
grains (Leite et al., 2012). 
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Currently, the area of study involving microbial polysaccharides such as 
kefiran is extensively emerging as an important source of natural biopolymer 
materials.  Kefiran is water soluble exopolysaccharides composed of equivalent 
repeated units of glucose and galactose (Micheli et al., 1999).  This carbohydrate 
polymer was first isolated from kefir grain and named as kefiran by La Riviére et al. 
(1967).  Further studies on kefir grains shows that this polysaccharide is 
predominantly produced by Lactobacillus kefir sp. (Kandler and Kunath, 1983).  
Kefiran is produced either in extracellular form (broth kefiran) or capsular form 
(capsular kefiran) (Cheirsilp et al., 2001).  The molecular weight and compositions 
of extracellular and capsular kefiran are the same (Yokoi et al., 1990).  It was also 
reported that the average molecular weight of kefiran of about 1×10
7
 Da (Piermaria 
et al., 2008).  
 
 
Kefiran is currently applied in food, nutraceutical and cosmeceutical 
industries based on its GRAS (Generally Regarded As Safe) status (Guzel-Seydim, 
2011; Ahmed et al., 2013).   Moreover, it was also proven to have many functional 
propeties in pharmaceutical applications as antimicrobial and immunostimulant 
polysaccharides (Medrano et al., 2011).  In addition, recent studies also showed that 
it has many applications in nanotechnology research and application and used in the 
preparation of UV-protective kefiran/ZnO nanocomposite and in fabrication of 
nanofibers as well (Esnaashari et al., 2014; Shahabi-Ghafgarrokhi et al., 2015).  The 
industrial kefiran production is carried out by fermentation using submerged 
cultivation system using L. kefiranofaciens pure culture or in mixed culture system 
with other bacteria such as L. acidophilus, L. parakefir, L. kefirgranum and/or some 
yeasts like Saccharomyces cerevisiae, and Candida kefir (Badel et al., 2011). 
 
 
The present study was focused on the bioprocess optimization of kefiran 
production using L. kefiranofaciens.  The area of study involved in optimizing 
production of kefiran was by designing the production medium.  Therefore, many 
studies were focuses on the development of industrial medium for this process 
(Wang and Bi, 2008; Cheirsilp and Radchabut, 2011; Zajšek et al., 2013).  However, 
the current data in literatures clearly demonstrate that there is no standard medium 
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developed so far for this process EPS production mainly depends on the type of 
strain used, physical conditions maintained during fermentation, and type of medium 
components applied for the production.  The present work is focused on the 
development of suitable medium for kefiran production using the standard strain L. 
kefiranofaciens in pure culture and in mixed culture system with S. cerevisiae type of 
yeast in submerged cultivation system.  Two methods of optimization process that 
were OFAT and statistical experimental design were used in shake flask level.  The 
OFAT optimization was carried out in shake flask by optimizing one factor after 
individually.  For statistical method, Minitab 16 software was used to design the 
experiment in order to optimize many factors at the same time and to understand the 
factors interaction. The results obtained for OFAT and statistical method were 
compared to obtain the most suitable medium for maximal EPS production.  
 
 
 Furthermore, kefiran production was improved by using mixed culture 
technique to minimize the inhibition effect of lactic acid during kefiran production.  
By applying mixed culture, new medium formulation is needed for the cell growth 
and kefiran production.  Therefore, production medium was optimized to maximize 
kefiran production.  In addition, the effect of additives was also studied in this work.  
Sodium chloride introduced into the production medium in order to create osmotic 
stress on the cultivated cells.  It is well known that polysaccharide microbial produce 
polysaccharide to react with the extreme environment (Sheng et al., 2006).  
However, for such a microbial that lives in non-extreme conditions will have 
tolerance towards osmotic stress from their surroundings.  On the other hand, 
surfactant was also introduced into the production medium to support the kefiran 
production.  Surfactant effect is through increasing cell membrane permeability (Wu 
et al., 2008).  Up to date, no report was shown for the effect of osmotic stress and 
surfactant on kefiran production.  Further investigation was carried out to improve 
kefiran production in bioreactor.  However, it is important to understand that moving 
for shake flask to bioreactor is not just a simply a matter of increasing culture and 
vessel volume, but also dominate by a number of engineering considerations (Hewitt 
and Nienow, 2010).  Therefore, different bioprocessing parameters such pH, aeration 
rate and various feeding strategies were tested during this study.   
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1.2 Problem Statement 
 
 
 In industrial fermentation, medium and process conditions plays critical role 
as they lead to formation and yield of desirable product thus effecting process 
economy.  Industrial kefiran production is needed in enormous amount but at a lower 
cost.  This is important for it to be reliable and marketable in many business sectors.  
However, developing a fermentation process from laboratory scale to a commercial 
one involve many challenges.  This is due to the complication in evaluating the 
factors affecting the scale-up process during the cultivation process.  Some other 
challenges related to process optimization are the expensive, laborious and time 
consuming process implying many experiments.  Apart from this, with the new 
strains that are being continuously found, there is always a need to carry out 
optimization experiments.  Developments of new chemically defined medium or 
semi defined medium are required to fulfill the need for lower cost medium but at the 
same time supply significant kefiran production.   
 
 
The inhibition effect on kefiran production through pH reduction in medium 
caused by lactic acid production during fermentation yet is another problem during 
fermentation.  Hence, a mixed culture system of L. kefiranofaciens and yeast was 
applied to minimize the lactic acid inhibition effect in the medium.  With the 
existence of yeast, there will be need to optimized the production medium to avoid 
nutrients competition between both organisms.  The yeast selected must be able to 
consume lactic acid efficiently and avoid utilizing lactose in the production medium.   
 
 
New alternative to increase kefiran production is needed by using cheap and 
simple process.  Osmotic pressure can be easily manipulated in the production 
medium by using sodium chloride.  However, to increase the kefiran production, an 
optimum osmotic pressure needed to be investigating at different level to avoid 
inhibition on cell growth.  Another method that can be applied to increase the kefiran 
production is by the addition of surfactant.  Suitable type and concentration of 
surfactant is needed to increase the membrane permeability of cell. Increasing the 
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membrane permeability of cell is important to ease the nutrient intake and excretion 
of kefiran outside the cell.  In addition, surfactant is added at different addition time 
to study their effect on cell growth and kefiran production. 
  
 
The performance of a mixed culture system which composed of L. 
kefiranofaciens and yeast may differ at the shake flask level and bioreactor.  Process 
optimization from shake flask level to 16-L bioreactor may affect the performance of 
L. kefiranofaciens toward kefiran production.  Further optimization of bioprocessing 
parameters is needed to increase the kefiran production by using the most suitable 
medium.  This process takes place in the bioreactor to overcome the limitations of 
shake flask.  Parameters such as pH, aeration rate and substrate feeding were 
monitored.  During cultivation in bioreactor, pH of cultivation may change due to 
acid production that inhibit cell growth and consequently affected the kefiran 
production.  Appropriate aeration rate is needed to overcome the air limitation in the 
bioreactor which terminates cell growth.  Nutrient limitation is also another problem 
during cultivation.  Therefore, different types of feeding strategies are needed to be 
studied to deliver the appropriate nutrient for cells growth and kefiran production.  In 
conclusion, investigation of optimization process utilizing different methods, 
medium components synergy and process conditions were required in order to 
determine the optimal cultivation condition in conjunction with the physiological 
state best contributed for maximal kefiran production.  
 
 
 
 
1.3 Objective 
 
 
The objective of this study is to maximize the production of kefiran using L. 
kefiranofaciens pure culture or in mixed culture system.  This include optimization of 
medium composition, development of mixed culture system, culture supplementation 
with different additives and bioprocess optimization in batch and fed-batch 
cultivation systems.  
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1.4 Scope of Study 
 
 
The scopes of this thesis are: 
 
1. To optimize the semi-defined medium design in shake flask level by using 
classical method and statistical experimental design. 
 
2. To study the kefiran production in pure and mixed culture systems (cultivation of 
Lactobacillus kefiranofaciens with/without yeast strain in same culture). 
 
3. To study the effect of osmotic pressure and surfactants on the kefiran production. 
 
4. To study the kefiran production by using L. kefiranofaciens in pure culture or 
mixed culture with yeast in 16-L bioreactor.  
 
5. To study the effect of some bioprocessing parameters on kefiran production (pH 
control and aeration rate) in 16-L bioreactor. 
 
6. To design proper fed-batch cultivation strategy for kefiran production.  
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1.5 Benefits of the Study 
 
 
 Kefiran is a unique type of polysaccharides with various beneficial 
applications in the chemical, food, neutraceutical, cosmeceutical and pharmaceutical 
industries.  Optimization for kefiran production is a need to fulfill the increase 
market demand.  Each medium component such as carbon, nitrogen and other trace 
elements has a specific concentration effect the kefiran biosynthesis.  By studying the 
key factors that influence the productivity of L. kefiranofaciens, a maximal amount 
of kefiran is able to be produced by using the optimal concentration of medium. 
Lactic acid produced during cultivation inhibited kefiran production.  The use of 
membrane separation to remove lactic acid that accumulates in the bioreactor is 
expansive and tedious.  Therefore, using mixed culture system of L. kefiranofaciens 
with non-lactose utilizing yeast which are able to assimilate lactate will help to 
reduce the cost of operations and at the same time stimulate kefiran production.  By 
applying osmotic pressure, it shows stimulatory effect on kefiran production.  
Moreover, introducing surfactant in the production medium in low quantities 
stimulate the kefiran production.  Studying the process in 16-L bioreactor is 
important where limitations in shake flask such as maintaining pH of cultivation 
medium, limitation of air supply and nutrients deficiency can be overcome.  
Understanding the challenges with process monitoring and controlling will help to 
improve the kefiran production.  Optimizing and monitoring the process parameters 
such as pH, aeration rate and substrate feeding mode significantly enhanced the 
kefiran production.  Hence, this will help to reduce the operation cost and at the same 
time maximize kefiran production.   
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1.6 Outline of Thesis 
 
 
This thesis begins with Chapter 1 describing the research background, 
problem statement, objective, scopes and benefits of this study.  Chapter 2 reviewed 
the literatures related to kefiran and current works about the optimization process.  
Chapter 3 described the experimental optimization of kefiran production and chapter 
4 concerned with data processing and discussing the effects of medium 
compositions, medium osmolality, addition of surfactant and bioprocessing 
parameters on kefiran production.  The conclusion and recommendations for future 
studies were represented in Chapter 5.  
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Oral administration of kefiran induces changes in the balance of immune cells 
in a murine model. Journal of Agricultural and Food Chemistry. 59: 5299-
5304. 
Melzoch K., Habova, V., Rychtera, M., and Sekavova, B. (2004). Electrodialysis as a 
useful technique for lactic acid separation from a model solution and a 
fermentation broth. Desalination. 163: 361-372.  
Micheli, L., Uccelletti, D., Palleschi, C., and Crescenzi, V. (1999). Isolation and 
characterisation of a ropy Lactobacillus strain producing the 
exopolysaccharide kefiran. Applied Microbiology and Biotechnology. 53: 69-
74. 
Molina-Höppner, A., Sato, T., Kato, C., Gänzle, M. G., and Vogel, R. F. (2003). 
Effects of pressure on cell morphology and cell division of lactic acid 
bacteria. Extremophiles. 7: 511-516. 
Moon, S.H., and Kim, Y.H. (2001). Lactic acid recovery from fermentation broth 
using one-stage electrodialysis. Journal 
of Chemical Technology and Biotechnology. 76: 169-178. 
Mozzi, F., de Giori, G. S., Oliver, G., and de Valdez, G. F. (1996). 
Exopolysaccharide production by Lactobacillus casei under controlled pH. 
Biotechnology Letters. 18: 435-439. 
Mukai, T., Toba, T., Itoh, T., and Adachi, S. (1990). Structural investigation of the 
capsular polysaccharide from Lactobacillus kefiranofaciens K1. 
Carbohydrate Research. 204: 227–232. 
Narvhus, J.A., and Gadaga, T.H. (2003). The role of interaction between yeasts and 
lactic acid bacteria in African fermented milks: a review. International 
Journal of Food Microbiology. 86: 51-60. 
Navarini, L., Cesàro, A., and Ross-Murphy, S.B. (1992). Exopolysaccharides from 
Rhizobium meliloti YE-2 grown under different osmolarity conditions: 
viscoelastic properties. Carbohydrate Research. 223: 227-234. 
Nielsen, M.S., Frisvad, J.C., and Nielsen, P.V. (1998). Protection by fungal starters 
against growth and secondary metabolite production of fungal spoilers of 
cheese. International Journal of Food Microbiology. 42: 91-99 
Nielsen, B., Gürakan, G. C., and Ünlü, G. (2014). Kefir: A multifaceted fermented 
dairy product. Probiotics and Antimicrobial Proteins. 6: 123-135. 
188 
 
Palhano, F.L., Vilches, T.T.B., Santos, R.B., Orlando, M.T.D., Ventura, J.A., and 
Fernandes, P.M.B. (2004). Inactivation of Colletotrichum gloeosporioides 
spores by high hydrostatic pressure combined with citral or lemongrass 
essential oil. International Journal of Food Microbiology. 95: 61-66. 
Panda, B. P., Ali, M., and Javed, S. (2007). Fermentation process optimization. 
Research Journal of Microbiology. 2: 201-208. 
Patel, R.M., and Patel, V.P. (2011). Microbial polysaccharides: current innovations 
and future trends in medical science. Current Pharma Research. 1: 204-209. 
Patel, A., and Prajapati, J. B. (2013). Food and health applications of 
exopolysaccharides produced by lactic acid bacteria. Advance in Dairy 
Research. 106: 1-12. 
Piermaria, J. A., de la Canal, M. L., and Abraham, A. G. (2008). Gelling properties 
of kefiran, a food-grade polysaccharide obtained from kefir grain. Food 
Hydrocolloid. 22: 1520-1527. 
Piermaria, J., Bosch, A., Pinotti, A., Yantorno, O., Garcia M.A., and Abraham, A.G. 
(2011). Kefiran films plasticized with sugars and polyols: water vapor barrier 
and mechanical properties in relation to their microstructure analyzed by 
ATR/FT-IR spectroscopy. Food Hydrocolloid, 25, 1261-1269. 
Pintado, M.E., Da Silva, J.A., Fernandes, P.B., Malcata, F.X., and Hogg, T.A. 
(2003). Microbiological and rheological studies on Portuguese kefir grains. 
International Journal of Food Science and Technology. 31, 15-26. 
Prajapati, V. S., Soni, N., Trivedi, U. B., and Patel, K. C. (2014). An enhancement of 
red pigment production by submerged culture of Monascus purpureus MTCC 
410 employing statistical methodology. Biocatalysis and Agricultural 
Biotechnology, 3: 140-145. 
Prasertsan, P., Wichienchot, S., Doelle, H., and Kennedy, J. F. (2008). Optimization 
for biopolymer production by Enterobacter cloacae WD7. Carbohydrate 
Polymers. 71: 468-475. 
Psomas, S. K., Liakopoulou-Kyriakides, M., and Kyriakidis, D. A. (2007). 
Optimization study of xanthan gum production using response surface 
methodology. Biochemical Engineering Journal. 35: 273-280. 
 
 
189 
 
Radchenkova, N., Vassilev, S., Martinov, M., Kuncheva, M., Panchev, I., Vlaev, S., 
and Kambourova, M. (2014). Optimization of the aeration and agitation speed 
of Aeribacillus palidus 418 exopolysaccharide production and the 
emulsifying properties of the product. Process Biochemistry. 49: 576-582. 
Ramezani, A., Jafari, M., Goodarzi, T., Alavi, S. M., Salmanian, A. H., and Azin, M. 
(2014). Lactose consuming strains of Xanthomonas citri subsp. citri (Xcc) 
insight into the emergence of natural field resources for xanthan gum 
production. World Journal of Microbiology and Biotechnology. 30: 1511-
1517. 
Rattray F.P, O’Connell M.J (2011). Fermented milks kefir. In: Fukay JW, editor. 
Encyclopedia of Dairy Sciences. 2
th
 ed. Academic Press; San Diego, USA: 
518–524. 
Reddy, R. M., Reddy, P. G., and Seenayya, G. (1999). Enhanced production of 
thermostable β-amylase and pullulanase in the presence of surfactants by 
Clostridium thermosulfurogenes SV2. Process Biochemistry. 34: 87-92. 
Riera, F.A., Gonzalez, M.I., Alvarez, S., and Alvarez, R. (2006). Purification of 
lactic acid from fermentation broths by ion-exchange resins. Industrial and 
Engineering Chemistry Research. 45: 3243-3247. 
Rimada, P.S., and Abraham, A.G. (2006). Kefiran improves rheological properties of 
glucono- d -lactone induced skim milk gels. International Dairy Journal. 16: 
33-39. 
Rodrigues, K. L., Carvalho, J. C. T., and Schneedorf, J. M. (2005). Anti-
inflammatory properties of kefir and its polysaccharide extract. 
Inflammopharmacology. 13: 485-492. 
Roukas, T., and Liakopoulou-Kyriakides, M. (1999). Production of pullulan from 
beet molasses by Aureobasidium pullulans in a stirred tank fermentor. 
Journal of Food Engineering. 40: 89-94. 
Ruas-Madiedo, P., Hugenholtz, J. and  Zoon, P. (2002).  An overview of the 
functionality of exopolysaccharides produced by lactic acid bacteria. 
International Dairy Journal. 12: 163-171. 
Salihu, A., Alam, M. Z., AbdulKarim, M. I., and Salleh, H. M. (2011). Optimization 
of lipase production by Candida cylindracea in palm oil mill effluent based 
medium using statistical experimental design. Journal of Molecular Catalysis 
B: Enzymatic. 69: 66-73. 
190 
 
Santos, A., San Mauro, M., Sanchez, A., Torres, J.M., and Marquina, D. (2003). The 
antimicrobial properties of different strains of Lactobacillus spp. isolated 
from kefir. Systematic and Applied Microbiology. 26: 434-437. 
Sarais, I., Piussi, D., Aquili, V., and Stecchini, M. L. (1996). The behavior of yeast 
populations in Stracchino cheese packaged under various conditions. Journal 
of Food Protection. 59: 541-544. 
Sarilmiser, H.K., Ates, O., Ozdemir, G., Arga, K.Y., and Oner, E.T. (2015). 
Effective stimulating factors for microbial levan production by Halomonas 
smyrnensis AAD6
 T
. Journal of Bioscience and Bioengineering. 119(4), 455-
463. 
Sarwat, F., Qader, S. A. U., Aman, A., and Ahmed, N. (2008). Production and 
characterization of a unique dextran from an indigenous Leuconostoc 
mesenteroides CMG713. International Journal of Biological Sciences. 4: 
379. 
Seenayya, G., Reddy, R.M., and Reddy, P.G. (1999). Enhanced production of 
thermostable β-amylase and pullulanase in the presence of surfactants by 
Clostridium thermosulfurogenes SV2. Process Biochemistry. 34: 87-92.   
Seo, H. P., Chung, C. H., Kim, S. K., Gross, R. A., Kaplan, D. L., and Lee, J. W. 
(2004). Mass production of pullulan with optimized concentrations of carbon 
and nitrogen sources by Aureobasidium pullulans HP-2001 in a 100-L 
bioreactor with the inner pressure. Journal of Microbiology and 
Biotechnology. 14: 237-242. 
Shahabi-Ghahfarrokhi, I., Khodaiyan, F., Mousavi, M., and Yousefi, H. (2015). 
Preparation of UV-protective kefiran/nano-ZnO nanocomposites: Physical 
and mechanical properties. International Journal of Biological 
Macromolecules. 72: 41-46. 
Shahi, V.K., Nagarale, R.K., and Gohil, G.S. (2006). Recent developments on ion-
exchange membranes and electro-membrane processes. Advances 
in Colloid and Interface Science. 119: 97-130. 
Shamala, T. R., Rohinishree, Y. S., and Vijayendra, S. V. N. (2014). Biosynthesis of 
multiple biopolymers by Sinorhizobium meliloti CFR 14 in high cell density 
cultures through fed batch fermentation. Biocatalysis and Agricultural 
Biotechnology. 3: 316-322. 
191 
 
Sheng, G. P., Yu, H. Q., and Yue, Z. (2006). Factors influencing the production of 
extracellular polymeric substances by Rhodopseudomonas acidophila. 
International Biodeterioration and Biodegradation, 58: 89-93. 
Shin, Y.C., Han, J. K., and Byun, S.M. (1990). Effect of aeration rates and 
rheological properties of fermentation broth on pullulans fermentation. 
Korean Journal of Food Science and Technology. 22:533-538. 
Shu, C. H., and Lung, M. Y. (2004). Effect of pH on the production and molecular 
weight distribution of exopolysaccharide by Antrodia camphorata in batch 
cultures. Process Biochemistry. 39: 931-937. 
Shu, C. H., Lin, K. J., and Wen, B. J. (2007). Effects of culture temperature on the 
production of bioactive polysaccharides by Agaricus blazei in batch cultures. 
Journal of Chemical Technology and Biotechnology. 82: 831-836. 
Shuhong, Y., Zhiyang, M., Zhaofang, L., Yan, L., Meiping, Z., and Jihui, W. (2014). 
Effects of carbohydrate sources on biosorption properties of the novel 
exopolysaccharides produced by Arthrobacter ps-5. Carbohydrate Polymers. 
112: 615–621. 
Shuler M.L., and Kargi F. (2002).  Bioprocess engineering basic concept. Second 
Edition. Prentise Hall PTR.  
Simova, E., Beshkova, D., Angelov, A., Hristozova, Ts., Frengova, G. and Spasov, 
Z. (2002). Lactic acid bacteria and yeasts in kefir grains and kefir made from 
them. Journal of Industrial Microbiology and Biotechnology. 28: 1-6. 
Silbir, S., Dagbagli, S., Yegin, S., Baysal, T., and Goksungur, Y. (2014). Levan 
production by Zymomonas mobilis in batch and continuous fermentation 
systems. Carbohydrate Polymers. 99: 454-461. 
Sivakumar, T., Narayani, S.S., Shankar, T., and Vijayabaskar, P. (2012). 
Optimization of cultural conditions for exopolysaccharides production by 
Frateuria aurentia. International Journal of Applied Biology and 
Pharmaceutical Technology. 3: 133-144. 
Song, Y. R., Jeong, D. Y., and Baik, S. H. (2013). Optimal production of 
exopolysaccharide by Bacillus licheniformis KS-17 isolated from kimchi. 
Food Science and Biotechnology. 22: 417-423. 
 
 
192 
 
Song, J., Liu, H., Wang, L., Dai, J., Liu, Y., Liu, H., Zhao, G., Wang, P. and Zheng, 
Z. (2014). Enhanced production of Vitamin K2 from Bacillus subtilis (natto) 
by mutation and optimization of the fermentation medium. Brazilian Archives 
of Biology and Technology. 57: 606-612. 
Souw, P., and Demain, A. L. (1979). Nutritional studies on xanthan production by 
Xanthomonas campestris NRRL B1459. Applied and Environmental 
Microbiology. 37: 1186-1192. 
Srivinas, M.R.S., Chand, N., and Lonsane, B.K. (1994). Use of Plackett-Burman 
design for rapid screening of several nitrogen sources, growth/product 
promoters, minerals and enzyme inducers for the production of alpha-
galactosidase by Aspergillus niger MRSS 234 in solid state fermentation 
system. Bioprocess Engineering. 10: 139-144. 
Sugumaran, K. R., Jothi, P., and Ponnusami, V. (2014). Bioconversion of industrial 
solid waste-Cassava bagasse for pullulan production in solid state 
fermentation. Carbohydrate Polymers. 99: 22-30. 
Sun, Y., Liu, J., and Kennedy, J. F. (2010). Application of response surface 
methodology for optimization of polysaccharides production parameters from 
the roots of Codonopsis pilosula by a central composite design. Carbohydrate 
Polymers. 80, 949-953. 
Sunny-Roberts, E. O., and Knorr, D. (2008). Evaluation of the response of 
Lactobacillus rhamnosus VTT E-97800 to sucrose-induced osmotic stress. 
Food Microbiology. 25: 183-189. 
Srinivas, B., and Padma, P. N. (2014). Screening of diverse micronutrients and 
macronutrients for dextran production by Weissella sp using Plackett-Burman 
Design. International Journal of Scientific and Research Publications. 4: 
2250-3153. 
Sun, Y., Liu, J., and Kennedy, J. F. (2010). Application of response surface 
methodology for optimization of polysaccharides production parameters from 
the roots of Codonopsis pilosula by a central composite design. Carbohydrate 
Polymers. 80: 949-953. 
Sutherland, I.W. (1999). Polysaccharases for microbial exopolysaccharides. 
Carbohydrate Polymers. 38: 319-328. 
Sutherland, I.W. (2001). Microbial polysaccharides from Gram-negative bacteria. 
International Dairy Journal. 11, 663-674. 
193 
 
Tada, S., Katakura, Y., Ninomiya, K., and Shioya, S. (2007). Fed-batch coculture of 
Lactobacillus kefiranofaciens with Saccharomyces cerevisiae for effective 
production of kefiran. Journal of Bioscience and Bioengineering. 103: 557-
562. 
Takizawa, S., Kojima, S., Tamura, S., Fujinaga, S., Benno, Y., and Nakase, T. 
(1994). Lactobacillus kefirgranum sp. nov. and Lactobacillus parakefir sp. 
nov., two new species from kefir grains. International Journal 
of Systematic Bacteriology. 44: 435-439. 
Tang, Y. J., Zhang, W., and Zhong, J. J. (2009). Performance analyses of a pH-shift 
and DOT-shift integrated fed-batch fermentation process for the production 
of ganoderic acid and Ganoderma polysaccharides by medicinal mushroom 
Ganoderma lucidum. Bioresource Technology. 100: 1852-1859. 
Taniguchi, M., Nomura, M., Itaya, T., and Tanaka, T. (2001). Kefiran production by 
Lactobacillus kefiranofaciens under the culture conditions established by 
mimicking the existence and activities of yeast in kefir grains. Food Science 
and Technology Research. 7: 333-337. 
Taş, T K., Ekinci, F.Y., and Guzel‐Seydim, Z.B. (2012). Identification of microbial 
flora in kefir grains produced in Turkey using PCR. International Journal of 
Dairy Technology. 65: 126-131. 
Tratnik, L., Božanić, R., Herceg, Z., & Drgalić, I. (2006). The quality of plain and 
supplemented kefir from goat's and cow's milk. International Journal of 
Dairy Technology. 59: 40-46. 
Trivedi, S., Divecha, J., and Shah, A. (2012). Optimization of inulinase production 
by a newly isolated Aspergillus tubingensis CR16 using low cost substrates. 
Carbohydrate Polymers. 90: 483-490. 
Tsakalidou, E., and Papadimitriou, K., (2011). Stress responses of lactic acid 
bacteria. Springer, New York. 
Uchida, M., Ishii, I., Inoue, C., Akisato, Y., Watanabe, K., Hosoyama, S., Toshihiko, 
T., Ariyoshi, N., and Kitada, M. (2010). Kefiran reduces atherosclerosis in 
rabbits fed a high cholesterol diet. Journal of Atherosclerosis and 
Thrombosis. 17: 980-988. 
 
 
194 
 
Van Den Berg, D. J. C. G., Robijn, G. W., Janssen, A. C., Giuseppin, M., Vreeker, 
R., Kamerling, J. P.,  Vliegenthart, J. F.G., Ledeboer, AAT. M., and Verrips, 
C. T. (1995). Production of a novel extracellular polysaccharide by 
Lactobacillus sake 0-1 and characterization of the polysaccharide. Applied 
and Environmental Microbiology. 61: 2840-2844. 
Vettori, M.H.P.B., de Lima, C.J.B., Blanco, K.C., Cortezi, M., and Contiero, J. 
(2012).  Performance of response surface model for increase of 
dextransucrase production by Leuconostoc mesenteroides FT 045B under 
different experimental conditions. Asian Journal of Biological and Life 
Sciences. 1. 
Vidal-Leira, M., Buckley, H., and Van Uden, N. (1979). Distribution of the 
maximum temperature for growth among yeasts. Mycologia. 71: 493-501. 
Viljoen, B. C. (2001). The interaction between yeasts and bacteria in dairy 
environments. International Journal of Food Microbiology. 69: 37-44. 
Vijayendra, S. V. N., Bansal, D., Prasad, M. S., and Nand, K. (2001). Jaggery : a 
novel substrate for pullulan production by Aureobasidium pullulans CFR-77. 
Process Biochemistry. 37: 359-364. 
Wang, H.Q., Yu, J.T., and Zhong, J.J. (1999).  Significant improvement of taxane 
production in suspension cultures of Taxus chinensis by sucrose 
feedingstrategy. Process Biochemistry. 35: 479-483. 
Wang, M., and Bi, J. (2008). Modification of characteristics of kefiran by changing 
the carbon source of Lactobacillus kefiranofaciens. Journal of the Science of 
Food and Agriculture. 88: 763-769. 
Wang, D., Yu, X., and Gongyuan, W. (2013). Pullulan production and physiological 
characteristics of Aureobasidium pullulans under acid stress. Applied 
Microbiology and Biotechnology. 97: 8069-8077. 
Wang, Z., Quan, Y., and Zhou, F. (2014). Optimization of medium composition for 
exopolysaccharide production by Phellinus nigricans. Carbohydrate 
Polymers. 105: 200-206. 
Ward, O.P., Van Hamme, J.D., and Singh, A. (2006). Physiological aspects Part 1 in 
a series of papers devoted to surfactants in microbiology and biotechnology. 
Biotechnology Advances, 24: 604-620. 
195 
 
Wei, G., Li, Y., Du, G., and Chen, J. (2003). Effect of surfactants on extracellular 
accumulation of glutathione by Saccharomyces cerevisiae. Process 
Biochemistry, 38: 1133-1138. 
Welman, A.D. and Maddox, I.S. (2003). Exopolysaccharides from lactic acid 
bacteria: perspectives and challenges. Trends Biotechnology. 21: 269-274. 
Witthuhn, R.C., Schoeman, T., and Britz, T.J. (2004). Isolation and characterization 
of the microbial population of different South African kefir 
grains. International Journal of Dairy Technology, 57: 33-37. 
Wu, Q., Xu, H., Shi, N., Yao, J., Li, S., and Ouyang, P. (2008). Improvement of poly 
(γ-glutamic acid) biosynthesis and redistribution of metabolic flux with the 
presence of different additives in Bacillus subtilis CGMCC 0833. Applied 
Microbiology and Biotechnology. 79: 527-535. 
Wu, Z., Yang, Z., Gan, D., Fan, J., Dai, Z., Wang, X., Hu, B., Ye, H., Abid, M., and  
Zeng, X. (2014). Influences of carbon sources on the biomass, production and 
compositions of exopolysaccharides from Paecilomyces hepiali  HN1. 
Biomass and Bioenergy. 67: 260-269. 
Xu, H., Li, H., Li, S., Feng, X., and Ouyang, P. (2012). Optimization of 
exopolysaccharide welan gum production by Alcaligenes sp. CGMCC2428 
with Tween-40 using response surface methodology. Carbohydrate 
Polymers. 87: 1363-1368. 
Yaman, H. (2004). Isolation of Lactobacilli from a commercial polish kefir grain. 
Kafkas Üniversitesi Veteriner Fakültesi Dergisi, 10: 99-102.  
Yang, S., Jin, L., Ren, X., Lu, J., and Meng, Q. (2014). Optimization of fermentation 
process of  Cordyceps militaris and antitumor activities of polysaccharides in 
vitro. Journal of Food and Drug Analysis. 22: 468-476. 
Yeesang, C., Chanthachum, S., and Cheirsilp, B. (2008). Sago starch as a low-cost 
carbon source for exopolysaccharide production by Lactobacillus 
kefiranofaciens. World Journal of Microbiology and Biotechnology. 24: 
1195-1201. 
Yilmaz, L., Ozcan Yilsay, T., and Akpinar Bayizit, A. (2006). The sensory 
characteristics of berry-flavoured kefir. Czech Journal of Food Sciences. 24: 
26-32. 
196 
 
Yokoi, H., Watanabe, T., Fuji, Y., Toba, T., and Adachi, S. (1990). Isolation and 
characterization of polysaccharide-producing bacteria from kefir 
grains.  Journal of Dairy Science, 73: 1684-1689. 
Yokoi, H., and Watanabe, T. (1992).   Optimum culture conditions for production of 
kefiran by Lactobacillus sp. KPB-167B isolated from kefir grains. Journal of 
Fermentation and  Bioenginering. 74: 327-329.  
Yokota, A., Amachi, S., Ishii, S., and Tomita, F. (1995).   Acid sensitivity of a 
mutant of Lactobacillus lactis subsp. lactis C2 with reduced membrane bound 
ATPase activity. Bioscience, Biotechnology and Biochemistry. 59: 2004-
2007. 
Yoshimura, H., Kotake, T., Aohara, T., Tsumuraya, Y., Ikeuchi, M., and Ohmori, M. 
(2012). The role of extracellular polysaccharides produced by the terrestrial 
cyanobacterium Nostoc sp. strain HK-01 in NaCl tolerance. Journal of 
Applied Phycology. 24: 237-243. 
Yuksekdag, Z.N., Beyath, Y., and Aslım, B. (2004). Metabolic activities of 
Lactobacillus spp. strains isolated from kefir. Nahrung/Food. 48: 218-220. 
Yurimoto, H., Oku, M., and Sakai, Y. (2011). Yeast methylotrophy: metabolism, 
gene regulation and peroxisome homeostasis. International Journal of 
Microbiology. 2011: 101298. 
Zajšek, K., and Gorsek, A. (2011). Experimental assessment of the impact of 
cultivation conditions on kefiran production by the mixed microflora 
imbedded in kefir grains. Chemical Engineering Transactions. 24: 481-486. 
Zajšek, K., Goršek, A., and Kolar, M. (2013). Cultivating conditions effects on 
kefiran production by the mixed culture of lactic acid bacteria imbedded 
within kefir grains. Food Chemistry. 139: 970-977. 
Zavala, L., Roberti, P., Piermaria, J. A., and Abraham, A. G. (2014). Gelling ability 
of kefiran in the presence of sucrose and fructose and physicochemical 
characterization of the resulting cryogels. Journal of Food Science and 
Technology. 52(8): 5039-5047. 
Zhang, B.B., and Cheung, P.C. (2011). A mechanistic study of the enhancing effect 
of Tween 80 on the mycelial growth and exopolysaccharide production by 
Pleurotus tuber-regium. Bioresource Technology. 102: 8323-8326. 
 
197 
 
Zhang, J., Dong, Y. C., Fan, L. L., Jiao, Z. H., and Chen, Q. H. (2015). Optimization 
of culture medium compositions for gellan gum production by a 
halobacterium Sphingomonas paucimobilis. Carbohydrate Polymers. 115: 
694-700. 
Zhou, J., Yu, X., Ding, C., Wang, Z., Zhou, Q., Pao, H and Cai, W. (2011).  
Optimization of phenol degradation by Candida tropicalis Z-04 using 
Plackett-Burman design and response surface methodology. Journal of 
Environmental Sciences. 23: 22-30. 
Zhu, H., Cao, C., Zhang, S., Zhang, Y., and Zou, W. (2011). pH-control modes in a 
5-L stirred-tank bioreactor for cell biomass and exopolysaccharide production 
by Tremella fuciformis spore. Bioresource Technology. 102: 9175-9178. 
Zolfi, M., Khodaiyan, F., Mousavi, M., and Hashemi, M. (2014a). Development and 
characterization of the kefiran-whey protein isolate-TiO2 nanocomposite 
films. International Journal of Biological Macromolecules. 65: 340-345. 
Zolfi, M., Khodaiyan, F., Mousavi, M., and Hashemi, M. (2014b). The improvement 
of characteristics of biodegradable films made from kefiran-whey protein by 
nanoparticle incorporation. Carbohydrate Polymers. 109: 118-125. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
